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ABSTRACT 


Maximum  brightness  and  efficiency  of  the  chemiluminescent 
autoxldation  of  indoles  in  basic  ..'olution  in  polar  anrotic  sol¬ 
vents  is  found  for  the  5-  and  6-sub3tltuted  skatoles.  2,3-Di- 
methylindole-5-C8rboxyllc  acid  yields  greater  peak  brightness  than 
skatole  at  the  standard  5  ^  lO'^M  concentration  in  DMSO,  although 
with  lower  efficiency  than  skatole.  The  fluorescence  spectrum  of 
a  basic  solution  of  orthoacetamidoacetophenone ,  in  DMSO,  matches 
the  chemiluminescence  emission  spectrum  of  2,.'5-dlmethylindole  in 
peak  wavelength  and  contour. 
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I. 


INTI-IODUCTION 


The  objective  of  this  research  Is  the  discovery  of  bright 
chemiluminescent  reactions  sultabl-^^  for  development  Into  practi¬ 
cal  field  systems.  The  previous  reports  in  this  series  have  out¬ 
lined  the  results  of  a  survey  of  "^r'e  chemiluminescent  autoxldatlve 
reactions  of  a  number  of  different  functional  classes  of  organic 
compounds  in  basic  solution  In  polar  aprotic  solvents. 

In  this  report  the  major  emphasis  is  n  the  chemiluminescence 
of  substituted  Indoles.  A  survey  has  been  made  of  the  Influence 
of  substituents  on  the  chemiluminescence  parameters  for  commercially 
available  compounds.  A  few  structurally  significant  Indoles  nave 
been  synthesized.  VPC  analyses  have  been  confined  to  determina¬ 
tions  of  related  compound  purities. 

A  principal  result  of  this  study  has  been  the  identif Icatlcn 
of  some  classes  of  substituents  and  substitutional  positions  which 
promote  chemiluminescence  brightness  and  efficiency  in  the  autoxl- 
datlon  of  Indole  and  the  identification  of  a  group  of  indoles  with 
chemiluminescence  peak  brightness  or  efficiency  of  the  order  of 
skatole.  The  compound  2,l;-Cimeihyllndole-5-carboxyllc  acid  has 
been  synthesized  and  has  been  founo  to  possess  greater  peak  emis¬ 
sion  brightness  than  skatole  at  the  standard  5  ^  10“'^M  concontra- 
tlon. 


For  several  of  the  better  Indoles,  brightness  and  efficiency 
parameters  have  been  obtained  as  a  function  of  concentration  and 
solvent.  The  chemiluminescence  and  fluorescence  spectra  have  been 
determined  for  additional  indoles  and  the  fluorescence  spectra  of 
some  possible  reaction  products  have  been  determined.  The  fluores¬ 
cence  spectrum  of  one  peak  reaction  product  has  been  shown  to  match 
the  chemiluminescence  emission  spectru'.ii  of  2,5-dime thylindole  in 
peak  wavelength  and  contour. 

Preliminary  experiments  are  repor-ed  on  chemiluminescence 
spectral  shifts  observed  in  the  oxidation  of  lucigenln  adsorbed 
on  silica. 
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II.  CHTSMILUMIN^SCENCE  OP  INDOLE  DERIVAI -\rES 


A •  MOHOSUBSTITUTED  ALKYL  INDOLES 

To  obtain  a  rational  basis  for  the  structural  optimization 
of  the  chemiluminescence  of  the  indoles,  we  have  compared  the  gross 
peak  brightness  of  the  seven  monomethyl  compounds  and  of  3-f?thyl- 
indole.  The  results  obtained  are  summarized  in  Table  1.  VPC  anal¬ 
yses  of  the  compounds  were  performed  v/lth  emphasis  upon  determina¬ 
tion  of  the  skatcle  content.  Corrections  were  applied  for  the 
skatole  Impurity  assuming  additivity  of  the  peak  brightness  at  the 
observed  peak.  Compared  to  indole,  the  5"  and  6-methyl  compounds 
reveal  large  f igures-of-merlt  (PMj,  about  an  order  of  magnitude 
below  that  of  skatole.  These  large  FM  values  are  due  largely,  how¬ 
ever,  to  long  emission  decay  times  rather  than  to  nigh  brightness. 
The  skatole  impurity  content  of  7-methylindole  was  not  determined. 
Both  the  Internal  evidence  (decay  time  and  brightness)  and  the  be¬ 
havior  of  polysubstltuted  indoles  (see  following)  lead  us  to  sus¬ 
pect  skatole  contamination  at  the  0.3-0. 5^  level.  Thus,  again 
compared  to  Indole,  the  4-  and  7-3ubstltutlons  have  only  e.  very 
modest  effect  on  the  chemiluminescence.  Both  1-  and  2-substltutlon, 
on  the  other  hand,  depress  the  chemiluminescence  markedly.  The 
b-'havlor  of  the  N-methyl  compound  is,  of  course,  of  special  Interest 
since  the  very  low  brightness  implies  that  the  probable  initial  step 
in  the  oxidation  is  proton  removal,  in  analogy  to  the  luminol  reac¬ 
tion  (ref.  l). 

It  is  clear  from  these  results  that  the  3»5~  s-nd  3»6-dlmethyl- 
Indoles  and  3> 5>6-trlmethyllndole  should  be  investigated.  To  ob¬ 
tain  a  standard  skatole  sample  the  commercial  (u‘K)  material  was 
purified  by  zone  refining  (*^0  zone  passes).  The  apparent  5^  in¬ 
crease  in  efficiency  over  the  stock  skatole  is  not  considered  to 
be  significant  at  present  since  wide  variations  have  been  observed 
in  previous  comparisons  made  at  long  Intervals  (see  concentration 
dependence  section  following). 

B.  INDOLES  WITH  OTHER  SUBSTITUENTS  IN  THE  BENZENE  MOIETY 


With  the  exception  of  7-a'Zalndole,  all  the  compounds  listed 
in  Table  2  are  5-  and  6-sub8tltuted .  In  large  part,  this  reflects 
the  availability  of  the  materials.  We  have  attempted  to  determine 
the  chemiluminescence  of  4-  and  7-'benzyloxylndole,but  to  date  have 
found  such  extreme  variability  that  the  results  are  not  Interpret¬ 
able  . 


The  outstanding  indoles  in  this  group  are  the  5-cyano  and  5- 
carboxyl  and  the  6-benzyloxy  and  6-methoxy  compounds,  all  of  which 
are  characterized  by  long  decay  half-lives  rather  than  by  high 
brightness.  The  5-dalogens  show  increasing  efficiencies  with  de¬ 
creasing  electronegativity.  5-Bromoindole  Indeed  possesses  the 
long  decay  time  of  the  more  efficient  members  of  this  class  but 
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Table  2 


CH.<>IIUJHjCNESCKNCE  OP  INDOLlcS  WITH  SinaSTrfUl'PD  BQCKE  KOim 


Compound  &nd 
Structure 

Peak  Oa  Current 
l/Io 

Time  to 

Of  Peak 
arc 

aeo 

Figure 

of 

Went 

5-Pluoro Indole 

'Oj! 

1 

H 

6  X  lO'* 

70 

200 

1.2 

5-Chloro.lndole 

"'O? 

(2.6  +  l.C  )10‘* 

55 

720+60 

18.7 

5-Brv'»aolndcle 

A 

(1.7  +  0.1>)1C“* 

255 

6.4  X  10* 

88 

6-Nltrelndole 

.j!X? 

1 

H 

2  X  10‘* 

15 

18 

3.6x10"* 

7-Az«lndole 

1 

H 

(4,8  ^,6J10‘® 

66 

(9.1+1.2)10* 

4.4  X  10* 

5-Cyanolndole 

■■T8g 

1 

H 

5-Hydroxy indole 

2.6  .X  10"* 

- 

3.2x10* 

8.4x10* 

2„6  X  10" » 

J60 

1.5x10* 

3.9 
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Table  2 
(Continued) 


ComtnJund  and 

Structure 

Peak  Oa  Current 

_ 

Tirae  to 
Os  Peak 
aec 

aec 

Figure 

of 

Merit 

5-Methor.y  Indole 

1 

H 

1.3  X  10‘» 

- 

120 

1.6 

5-Benzyloxy Indole 
/i-C  ^ 

1 

H 

0.1 

40 

600 

60 

6-Methoxy Indole 

0.5 

' 

(6.4±1.4  ,'10'* 

(3.2*0.8)103 

6-B<nzylo.xy  Indole 

0-CHaO-k^-N'^ 

1 

H 

5. .6-nibenzyloxy Indole 
0-CHaQv.^-^ 

0-CHaO^kkr 

t 

H 

0.75+0.10 

- 

(5.3+2.1  )10=* 

(4. 4*1. 4  )10'’ 

0.38 

40 

1260 

480 

5-Amlnolndole 

l.l 

13 

1.4 
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at  much  lower  brightness.  The  6-nltrolndole  compound  is  found  to 
be  the  least  efficient  of  the  Indoles,  as  may  be  expected  from  tne 
known  poor  fluorescence  efficiency  u-f  nltro-substltuted  compounds 
(ref.  2). 

C .  INDOLES  WITH  OTHER  SUBSTITUENTS  IN  THE  PYROLS  MOIETY 

Substitution  at  the  2-po8itlon  of  an  Indole  derivative  reduces 
the  chemiluminescence  efficiency  markedly  In  all  compounds  Investi¬ 
gated.* 

A  relatively  large  number  of  ^-substituted  Indoles,  particu¬ 
larly  ska  ole  derivatives  of  structure, 


have  been  investigated.  T'^e  results  are  presented  1  Table  3  and 
are  summarized  In  order  of  peak  brightness  In  Table  4a  and  In  order 
of  figure -of -merit  In  Table  4b.  The  data  generally  support  the 
conclusions  derived  from  the  monomethyl  Indole  study. 

Although  quantitative  analysis  of  substituent  effects  Is  not 
feasible,  since  most  compounds  of  this  group  are  of  unknown  purity, 
the  qualitative  effects  are  consistent  for  the  brighter  species. 
Thus,  5-  and  6-substltutlon  by  methyl,,  methoxy  and  benzyloxy  radi¬ 
cals  Increases  the  chemiluminescence  efficiency  of  the  Indole -3 
acetic  acid,  as  does  5-carboxyl  substitution.  Similar  effects  are 
observed  In  tryptophan  On  the  other  hand,  5-substitutlon 
amino  or  hydroxyl  groups  leads  to  marked  reduction  In  efficiency. 

The  effects  of  3-3ubstltutlon  are  both  extremely  marked  and 
complex.  Thus  tryptophan  Is  far  less  efficient  than  3-ethyl  In¬ 
dole,  but  indole  -3-acetlc  acid  Is  an  order  of  magnitude  more  effi¬ 
cient  than  tryptophol . 

The  brightest  Indoles  are  all  3'Sub8tltuted .  Since  2-substl- 
tutlon  reduces  both  efficiency  and  ^rightness,  an  obvious  candidate 
for  a  brighter  and  more  efficient  Indole  Is  3-inethyllndole -5-car- 
boxyllc  ajld.  A  thorough  Investigation  of  the  3> 5>6-lndoles  as  a 
class  Is  clearly  desirable. 

A  number  of  related  heterocyclic  compounds  have  been  Investi¬ 
gated  with  no  outstanding  candidates  found.  T’'.ese  -'esults  are 
given  In  Appendix  I,  together  with  the  results  for  additional  com¬ 
pounds  Included  In  the  chemiluminescence  survey. 


*  A  valid  comparison  cannot  be  made  for  the  very  weak  N-methyl  vs 
1,2-dlmethyllndole,.  since  Impurity  effects  are  clearly  predominant, 
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Tatle  5 

INDOLES  WITH  SUBSTITUENTS  ON  THE  PYTIOLE  hOIETY 
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c )  g,^-Dlsubgtl  txited  Indole^ 

Ethyl  ?,3-dl(nethyl  lndole-5-  ®  —  520  '^l6o  100. 0^ 
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Table  4a 


l.vBUIATION  OF  BRIGHTER  CHEMILUMINESvENT  INDOLE  DERIVATIVES 
IN  ORDER  OF  PEAK  GROSS  BRIGHTNESS 

Compound  l/lp 

1.  2, 3-Dlmethyl indole-5-  13^ 

carboxylic  acid 

2.  5 -Methyl Indole  84 

3.  2,5-Dlmethyllndole  60 

4.  5-Methoxy l,ndole-3-acet ic  acid  45 

5.  5-Eenzyloxylridole -3-ace tic  acid  41 

6.  5-Methylindole-3-acetic  acid  25 

7.  3-Ethyllndole  20 

8.  2,5-Dlmethyl~3-propyl,  tech.  17* 

9*  2,3,7-Trlmethylindoie  l4 

10  Indole-3-ace tic  acid  9 


*  Crude  sample . 
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Table  4b 


TABULATION  OF  BHiuHl'ER  CHEMILUMINESCENT  INDOLE 

IN  ORDER  OF  FI CURE -OF -MERIT 

DERIVATIVES 

Compound 

FM  X  10"^ 

1. 

3-Me thy llndole 

26 

2. 

3-Ethyl Indole 

13 

.3. 

2,3-Dlm.ethylindole-5-carboxylic 

acid 

6 

4. 

5-Ben2yloxyindole-3-acetic  acid 

6 

5. 

5-Methoxylndole-3-acetic  acid 

4.5 

6 . 

6-Berizyloxylndole* 

4.4 

7 . 

E thy 1-2, 3 -dime thy 1 indole -5- 
carboxylate 

4.2 

8. 

Indole-5-cartaoxylic  acid* 

3.8 

9. 

2, 3-Dlmethyl Indole 

3.6 

10. 

6-Methoxy Indole* 

3.2 

*  Compounds  with  average  emission  decay  times  of  the 
order  of  one  hour.  With  the  exception  of  Indole- 
5-carboxyllr  acid,  individual  decay  times  are  highly 
Irrsproduclble . 
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III.  IN^/ESTIGATION  OF  INDOLE  CHEMILUMINESCENCE 


A .  SOLVENT  AND  CONCENTRATION  EFFECTS 

We  previously  reported  on  the  chemiluminescence  peak  bright¬ 
ness  of  skatole  as  a  function  of  concentration  in  DMSO  and  DMF 
(ref.  ')).  These  data  have  been  extended  and  re-evaluated.  The 
concentration  dependence  of  the  peak  brightness  is  §iven  in  Fig¬ 
ure  1  for  skatole  in  the  above  solvents  and  in  HPT  vhoxamethyl- 
phosphorlctrlamlde ) ,  and  for  two  additional  indoles  in  DMF.  These 
data  are  presented  as  the  figure -of -merit/mole  in  Figure  2.  This 
parameter  is  approximately  related  to  the  quantum  efficiency  of 
the  reaction  assuming  that  the  emission  spectrum  and  the  order  of 
reaction  are  constant,  which  is  roughly  true  in  the  low  concentra¬ 
tion  regions  (see  following  sections}.  The  optimum  concentration 
for  the  brighter  systems  is  clearly  about  10"^M. 

The  emission  decay  times  have  been  observed  to  be  highly 
irreproducible  and  apparently  unpredictable  functions  of  concen¬ 
tration  for  a  given  Indole,  For  skatole  in  HPT  we  find  the  emis¬ 
sion  decay  half-life  to  be  a  decreasing  function  of  concer  -ration; 
it  is  an  increasing  function  in  DMF  and  in  DMSO  a  function  with  a 
maximum  (Table  5).  Both  indole-j5- acetic  acid  and  2, 5-dime thylln- 
dole  also  show  decay  time  maxima  in  DMF.  However,  since  the  ob¬ 
served  maximum  devx.  tlon  of  a  single  value  is  of  the  order  of  the 
total  increment  deserved,  we  do  not  consider  the  results  eeflnl- 
tlvc.  As  may  be  seen  from  Table  5  the  regular  family  of  curves 
in  Figure  2  in  part  reflects  the  relatively  small  Increment  in 
ti/k  over  the  concentration  range  studied.  Only  for  skatole  in 
DMF  is  the  maximum  ratio  as  great  as  a  factor  of  two. 

As  pointed  out  by  Lee  and  Sellger  (ref.  4),  the  observed 
rates  of  chemiluminescent  reaction  are  subject  to  large  variations 
presumably  as  a  result  of  trace  impurity  catalysis,  although  the 
Integrated  emission,  at  least  for  lumlnol,  is  constant.  We  have 
attempted  to  incorporate  a  first  order  correction  to  this  effect 
by  use  of  the  figure -of -merit,  but  propose  in  future  photometry 
to  measure  the  Integr'ated  emission  directly.  Greater  pieclsion 
could  also  be  obtained  by  determination  of  the  half-lives  from 
kinetic  analysis  where  simple  rate  law  behavior  is  observed. 

We  have  examined  the  chemiluminescence  parameters  of  some 
representative  Indoles  in  HPT  with  the  results  given  in  Table  6. 
The  very  large  variation  observed  in  the  figure -of -merit  ratio 
between  HPT  and  DMSO,  for  different  indoles,  although  difficult 
to  understand,  suggests  that  further-  work  in  HPT  is  desirable  to 
confirm  and  extend  the  above  results. 
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Figure -of -Merlt/Mole  *, 

ti>fe  (seconds)  x  llters/mole 


Table  5 

OBSERVED  EMISSION  DECAY  INITIAL  HALF-LIVES 


Compound 

Solvent 

Uz  at 

Low  C  one  .  , 
seconds 

X  10“‘*M 

1 1/2  at 
High  Cone, 
seconds 

X  1C~2M 

Skatole 

DMSO 

240 

200 

Skatole 

HPT 

925 

765 

Skatole 

DMP 

240 

(lO-^M) 

450 

b ,3-Dimethyl Indole 

DMF 

50 

55 

Indole~3-acetlc  acid 

DMF 

64  0 

540 

(at  10"^M) 

19 

tl/52 

Maximum 
Observed  , 
seconds 


40 

900 
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Taibi«  6 

CHEMIUmiKESCSNCE  PARAMItTERS  OF  SOME  DTOOUSS  IK  HPT  SOLVENT 


Indole  Concentration:  5  *  10"*M 
Bale  Concentration:  O.IN 


Peak  0»  Current 

i/Io _ 


Time  to 
Oa  Peak, 
aeconde 


tif,  of 
Oa  Peak, 
eeconda 


Flgure-of - 
Merit, 
eeconda 


Indol»* 


L- Tryptophan 


H,-CH-COOH 

m). 


5-Cyanoihdole 


2.2 


42  60  152 


0.15  500  lk40 


216 


(8.2il.8h0“»  30  *  50  430  dt  290  3.0  ±  1.6 


Indole-S-carboxyllc  Acid  4.6  x  10** 


Indole-P-carbOxyliO  Acid 


COOH 


5-Methoxylndole 


8.k 


6.4  i  0.2 


48  180 


■•0  40 


40  *  10  39 


8.3 


536 


245  jt  54 


1,2-DliMthyllndole  8  x  lO"*  240  56O  0.3 


♦  Datum  corrected  for  0.1%  akatole  Impurity j  99.75*  pu«  by  VPC  analyels. 
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Pigure-of-Mer It 

In  DM30 _ 

Figure -of -Mb  r 1 1 
in  HPT 


0.1* 


0.5 


(2.8  ik  1.5)10  • 


2.1  X  10  * 


‘•.5  X  10"’ 


(6.4  ±  O.^'IC*’ 
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B.  THE  MECHANISM  0?  INDOLE  OXIDATION 


1 .  General  Background 

The  Identli'lcatlon  of  the  light-emitting  species  in  the  In¬ 
dole  chemiluminescence  reaction  would  greatly  aid  attempts  to  op¬ 
timize  the  system.  A  number  of  references  relaulng  to  the  oxida¬ 
tion  of  2 , 3-dl3ub3tltuted  indoles  have  appeared  in  the  literature 
during  the  past  fifteen  years.  The  work  of  Robertson  (ref.  5“7 ) 
and  Witkop  (ref.  8  and  is  especially  pertinent. 

While  none  of  the  literature  work  relates  to  reactions  in 
dlmethylsulf oxide  solution,  the  reaction  products  that  were  iden¬ 
tified  give  clues  to  the  types  of  reactions  that  might  take  place 
in  our  chemiluminescent  system.  A  summary  of  this  literature  work 
is  given  below  in  Figure  3- 

2.  Discussion 


Prom  data  available  in  the  literature,  several  compounds 
emerge  as  candidates  for  the  chemiluminescent  species  in  indole 
oxidation  reactions. 

The  excited  state  of  o-acetamldoacetophenone  (H)  must  be  con¬ 
sidered  as  the  prime  candidate  for  the  light  emitting  species  in 
the  2,3“dimethyllndole  (F  )  oxidation  reaction.  The  fluorescence 
emission  of  (h1  in  basic  dime thylsulfoxlde  solution  corresponds 
closely  to  the  chemiluminescence  emission  of  (F }  (see  Section 
III.C).  This  type  of  intermediate  might  explain  the  difference 
in  light  emission  between  compounds  (a)  and  (F ) .  While  (f)  forms 
a  dlcarbonyl  derivative  (k)  which  is  analogous  to  (h),  (k)  reacts 
to  produce  compound  (C )  (ref.  7>  8);  (h)  apparently  does  not  react 
further  (ref.  7).  In  addition,  the  anion  of  (h),  [compound  (l)] 
has  a  structure  that  is  very  similar  to  (m),  the  anion  which  is 
postulated  to  be  the  emitting  species  in  the  lophlne  chemilumines¬ 
cence  reaction  (ref.  10 ). 


0-Formamldoacetophenone,  the  skatole  intermediate  analogous 
to  (h).  Is  currently  being  prepared  as  a  further  test  for  this 
type  of  intermediate. 


(L) 


(m) 
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Figure  3.  2,3-Dlsubstltuted  Indole  Oxidation  Products 


Tetrahydrocarbazolyl  hydroperox Ide  (b)  and  its  5-carbomethoxy 
der  vatlve  give  off  flashes  of  blue  and  green  light  when  thernially 
decomposed.  This  indicates  that  the  energy  available  fr-om  perox¬ 
ide  decomposition  is  of  the  proper  magnitude  tc  be  detected  as 
visual  chemiluminescence.  Ihe  fact  that  tetrahydrocarba zole  (a) 
is  not  chemiluminescent  under  our  reaction  conditions  may  be  due 
to  the  facile  "'ormatlon  of  nonf luorescent  products  such  as  (C )  in 
solution . 

Finally,  the  i'-indoxyls  (D  and  j)  should  be  considered  as 
possible  chemiluminescent  intermediates.  This  type  of  compound 
is  known  to  be  formed  from  2, 5-disubst ituted  Indoles  under  basic 
autoxldation  conditions.  These  compounds  are  noted  for  their  in¬ 
tense  green  fluorescence  in  solution  (ref.  K  Since  the  in¬ 
doles  chemllunlnesce  in  the  green  region  of  the  visible  spectrum, 
the  excited  state  of  (J )  Is  a  possibility  for  the  chemiluminescent 
species  in  the  oxidation  of  2,3-dimethyllndole  (f). 

While  it  is  tempting  to  postulate  detailed  reaction  mechanisms 
to  explain  the  observed  substituent  effects,  we  feel  that  this 
speculation  should  be  deferred  until  most  of  the  proposed  interme¬ 
diates  are  examined  experimentally.  Compounds  G,  I,  arid  J  a:-e 
currently  being  synthesized  to  test  the  above  mentlone 1  hypotheses. 

G.  CHEMILUMINESCENCE  AND  FLU.HESGENCE  SPECTRA  OF  THE  INDOLES 


The  indoles  for  which  chemiluminescence  spectra  have  been 
determined  are  given  in  Table  7*  Tlie  emission  spectra  peak  in  the 
green  at  about  5OO  nm.  The  fluorescence  peak  wavelengths  of  the 
parent  indoles  are  in  the  near  ultraviolet  at  about  35O  nm.  Addi¬ 
tion  of  base  produces  a  rather  large  shift  to  the  red  of  the  order 
of  50  nm  (with  the  exception  of  7-methyllndole ) .  In  all  examples 
the  resulting  anion  fluorescence  peak  is  5O-IOO  nm  below  the  chem¬ 
iluminescence  peak  wavelength. 

The  fluorescence  spectra  of  oxidized  solutlc  is  of  skatole  and 
2,3-'dlmethyllndole  (ref.  3)  possess  emission  bands  which  corres¬ 
pond  to  the  chemiluminescence  emission  spectra  in  shape  and  peak 
wavelength  (Figure  4  )  indicating  that  for  these  compounds  the 
emitter  species  is  reasonably  stable  to  further  oxidation.  The 
uncorrected  fluorescence  spectrum  of  base-free  skatole  in  DMSO 
peaks  at  356  with  a  shoulder  at  370  nm.  The  corrected  spectrum 
(relative  phctons/cm"^ )  peaks  at  350  nm  and  eliminates  the  shoulder. 
During  the  course  of  the  oxidation  of  skatole,  the  anion  fluores¬ 
cence  at  ca.  420  nm  is  observed  to  diminish  in  intensity,  and  the 
intensity  at  ca.  490  nm  Increases. 

The  overall  oxidation  reaction  may  be  formulated  a.s  shown 
below,  where  several  reaction  steps  are  required  for  the  produc¬ 
tion  of  the  intermediate  symbolized  as  X. 
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3130,  33‘*1  A  iicH-allc-n  jlav(* length* 
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skatole 


Base  skatole  Base , Og 
(Os-;ree) 


X 


P  (dark  reaction) 

F  +  liv 

P  (radlat ionleso 
de  '-excitation 
processes ) 


The  fluorescence  emission  spectra  of  several  possible  oxida¬ 
tion  products  of  the  Indoles  have  been  obtained  in  an  attempt  to 
identify  the  emitting  fuecies.  The  observed  emission  peaks  are 
given  In  Table  8.  One  of  the  products  Isolated  from  the  aqueous 
persulfate  oxidation  of  Indole  ms  anthranlllc  acid  (ref.  11 ). 

T  le  fluorescence  of  the  anion  of  anthranlllc  aclc  in  DMSC-O.IM  t- 
butc^ide  peaks  at  a  wavelength  20  nm  to  the  blue  of  the  indole 
chemiluminescence-  The  fluorescence  spectrum  of  the  oxidized 
solution  does  not  reveal  the  471  nm  band  characteristic  of  tiils 
anion,  ruling  out  this  species. 

The  peracetic  acid-hydrogen  peroxide  oxidation  of  skatole 
and  tryptophan  yields  as  reaction  products  3~methyloxlndole  and 
i, -oxytryptophan ,  respectively  (ref.  12).  The  fluorescence  peak 
for  o.xindole  anion  Is,  however  found  approximately  100  nm  to  the 
blue  relative  to  the  chemiluminescence  peak  of  indole. 

The  oxidative  ring  cleavage  product  of  ske.tole  is  ortho  for- 
mamido  acvStophenone  (see  following  section).  We  have  determined 
the  fluorescence  spectrum  of  the  related  compound,  ortho  amino 
acetophone.  Both  neutral  and  basic  solutions  of  this  compound 
peak  at  454  nm.  In  the  basic  solution  a  shoulder  appears  at  ap¬ 
proximately  510  nm.  /.t  present,  it  is  not  clear  whether  or  not 
this  spectrum  Is  produced  by  the  original  species.  The  fluores¬ 
cence  spectra  of  the  anion  will  be  obtained  as  a  function  of  con¬ 
centration  to  resolve  the  problem  and  that  of  its  formyl  deriva¬ 
tive  . 


A  possxble  oxidation  product  of  2-methyl indole  is  N-acetyl 
anthranlllc  acid.  However,  the  peak  of  the  fluorescence  spectrum 
of  the  anion  of  this  acid  is  at  448  nm  or  to  the  short  wavelength 
side  of  all  the  chemiluminescence  spectra  of  the  Indoles. 

The  oxidative  ring  cleavage  product  of  2,3-dimethy iindole  Is 
orthoacetamidoacetophenone .  We  find  that  the  fluorescence  of  the 
basic  solution  of  this  compound  in  DMSO  peaks  at  a  wavelength  of 
516  nm.  There  Is  excellent  agreement  between  the  contour  of  the 
fluorescence  peak  and  the  chemllumineacence  emission  from  2,5- 
dine thy 1 Indole  (Figure  5)«  The  Inference,  of  course,  is  that  the 
chemiluminescence  results  from  the  formation  of  the  acetophenone 
product  in  the  excited  state. 
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FLUORESCENCE  SPECTRA  OF  POSSIBLE  INDOLE  OXIDATION  PRC^^X-TS 
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Rftlutlve  Lumine scene*  Intensity,  anbltrarj-  units 


1.0 


0.9 


0.8  h 


0.7  h 


o.o  r* 


0.5  h 


0.^ 


0.3  h 


0.2  h 


0.1  h 


Fluoreecence  sptsetrum 
of  an.ton  of  o-acet- 
G amldo  acetophenone, 

0.33MI  0.13M  base. 

C>T«ml  luminescence 
O  upectruir.  of  2,3* 

dimethyl Indole , 

5  X  10'»M;0.1M  base 


560 

Wavelength,  nm 


Figure  5.  Comparls  .n  of  the  Fluorescence  Sf’'  .irum  uf  the  Anion 
of  o-Acetamldo  acetophenone  to  the  Chemiluminescence 
Spectrum  of  2,  -Dl-vsthyllndol 
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Relative  Intensity,  photons/ sec -cm 


It  l3  of  interest  to  note  that  J-t.  thy  1  Indole ,  unlike  skatole, 
does  not  show  a  stable  oxidation  product  fluorescence.  However, 
for  reasons  which  are  not  known,  the  skat  ole  product  fluorescence 
was  not  noted  until  the  oxidation  was  repeated  with  the  zone- 
refined  material. 

D.  CHEMILUMINESCENCE  DECAY  KINETICS 


We  have  examined  in  a  preliminary  way  the  kltr^tics  of  some 
Che allumine tcence  decays  as  determined  from  gross  brightness  photom¬ 
eter  tracings.  In  general,  the  recordings  do  not  exceed  one  half- 
life  in  duration  ard  any  conclusions  drawn  must  be  taxen  as  tenta¬ 
tive  since  it  is  recognized  that  unless  apparent  reaction  order  is 
maintained  over  several  half-lives  trivial  fluctuations  can  easily 
lead  to  improper  identification. 

Random  selection  and  analysis  of  a  dozen  decay  curves  gave 
the  results  shewn  in  Table  9*  The  decay  is  found  to  be  linear  in 
tnree  examples,  exponential  in  six,  and  corresponds  to  no  simple 
analytical  function  in  the  remaining  three.  The  skatole  results 
are  of  particular  Interest  since  they  would  imply  a  change  of 
reaction  order  with  concentration  if  confirmed.  This  result  is  not 
at  all  surprising  for  the  postulated  consecutive  and  pa'^allel 
reactions  that  must  occur  in  the  indole  oxidation  (ref.  13). 

The  peak  emission  decay  (initial)  half-lives  listed  in  t.^e 
last  column  are  derived  from  the  fitted  functions  and  are,  there¬ 
fore,  more  reliable  averages  than  the  values  given  in  tables  of 
chemiluminescence  parameters.  They  are,  however,  generally  smaller 
values  than  the  "experimental”  results.  In  part  this  results  from 
the  fact  that  the  "kinetic"  times  are  true  decays  from  established 
steady  state  concentrations  by  the  nature  of  the  fitting  process; 
that  is,  simple  exponential  decay  does  not  occur  from  the  observed 
peak  of  the  b!’! ghtness  curve. 

Figures  6  and  7  give  examples  of  the  exponential  and  linear 
decay  curves  observed.  The  plotted  points  are  evenly  spaced  val¬ 
ues  read  off  the  photometer  tracings. 
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Compound 

Indole-J-acettc 

acid 

L"li’yptopton 

2.7- Dlrr.ethyllndole 
3-Ethyl Indcle 
3-Methyltndole 

3 -Methyl indole 
3 -Methyl Indole 
3-Methyllndole 

2 . 3 - Dime  t  hy 1 Ind^ le 

2. 3- Dlmethyl Indole 
In  DMF 

5-Benzyloxy -Indole 
3-acetlc  acid 

2.3.7- Trlmethyl- 
Indole 


Table  9 

DECAY  KINETICS  OF  INDOLE  CHEMILUMINESCENCE 


Cone . , 
mol^r 

Run  No. 

Decay 

Function 

Rate 

Constant 

t  yb  1 
seconds 

5  X  10'“ 

6-21 .4 

I  - 

2.9  X  10*3 

24  0 

5  J<  10‘=* 

5-26-1,2 

I  -  loe-**^ 

{l.3i:0,02)10"3sec-\ 

443^4 

p  J<  10-® 

7-22-1.2 

I  - 

33^0'. 07  )l0-*8ec-*. 

38*1 

?  Ji  10"' 

8-4-1, 2 

I  -  loe’'^'' 

(] .66*0.9 )l0*3sec*^ , 

4 1 f±22 

6.6  X  10'* 

3-6-5 

I  «• 

2.9  X  lC-38ec'3 

24  0 

2  X  10-* 

I  «  loe*^'- 

2.0  X  10"38ec** 

3-2 

10-* 

3-5'2 

IndetermJ  nate 

- 

- 

2.2  X  10*3 

3-3 

I  =  -loWf 

1.1  X  10'*  amp/eec 

3“  0 

9  X  I-  3 

4-3C 

I  ■  -lokt 

5.1  X  10'*  amp/aec 

80 

1.85  X  lC-3 

,'-15-2 

I  ■  -lokt 

1.05  X  10“ *  amp/sec 

3'“ 

5  X  10'3 

7-27 

Indeiermi  ’.ale 

- 

- 

5  X  10*3 

6-13-1,2,3 

;.ide*ermJna'e 
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Figure  6.  Kinetic  Plot  of  the  Chemiluminescence  Decay 
Curve  of  3-Ethylindole 
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Figure  7.  Kinetic  Plot  of  the  Chemllunlnescence  Decay  Curve  of  2,3-Dlmethylindole 


IV.  HETEROGENEOUS  CAIALYSIS 


A.  INTRODUCTION 


Several  preliminary  experimc  nts  have  been  performed  to  initi¬ 
ate  the  investigation  of  heterogeneous  catalysis  in  chemilumines¬ 
cent  rec.ctlons. 

B.  EXPERIMENTAL 

A  simple,  qualitative  procedure  was  used  to  measure  chemi¬ 
luminescence  emission  resulting  from  the  oxidation  of  lumlnol  and 
lucigenln  catalyzed  by  silica  gel  0.  Sheets  of  silica  gel  were 
prepared  by  coating  the  gel  on  glass  slides.  The  slides  were 
dipped  In  a  water-silica  gel  slurry  and  were  air-dried  at  room 
temperature.  Methanol  solution  of  the  organic  compound  was  sprayed 
from  an  atomizer  onto  the  silica  gel  and  dried.  The  base  and  oxi¬ 
dant,  if  any,  were  sprayed  independently  on  the  dry  slides. 

The  chemiluminescence  of  the  base  catalyzed  peroxidation  of 
lucigenln  was  observed  (Table  lO).  The  blue-green  emission  ap¬ 
peared  upon  spraying  of  the  final  reaction  component,  ’’he  silica 
gel  was  wet  during  the  course  of  the  chemiluminescence,  permitting 
the  components  (except  for  the  solid  'substrate)  to  diffuse  toward 
each  other  in  the  liquid  phase.  The  decay  of  the  light  intensity 
was  measured  photometrically.  The  time  required  for  the  intensity 
to  diminish  to  one  hulf  of  its  value  was  on  the  order  of  t  tree 
mlrfutes.  The  decay  does  not  obey  simple  first  order,  second  order 
or  nonintegral  order  kinetics. 

The  chemiluminescence  spectrum  of  the  lucigenln  oxidation  in 
homogeneous  ethanol  solution  is  a  broad,  structured  band  between 
420  nm  and  490  nm  (Figure  8).  The  emission  from  silica  gel  is 
shifted  to  the  red,  giving  a  broad  band  peaking  at  505  nm.  Simi¬ 
lar  emission  spectra  are  obtained  with  either  ammonia  or  sodium 
hydroxide.  The  oxidation  of  lumlnol  by  potassium  tertiary  butox- 
Ide  and  oxygen  does  not  lead  to  chemiluminescence  in  the  system 
investigated.  This  quenching  of  chemiluminescence  upon  adsorption 
on  silica  has  also  been  observed  for  the  indoles.  Quenching  of 
the  fluorescence  of  the  parent  compound  upon  absorption  also  occurs. 
This  is,  presumably,  the  key  factor  in  the  quenching  of  the  chemi¬ 
luminescence  . 
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Table  10 

CHEMILUMINESCENT  REACTION  ON  SILICA 


Organic 

Compound 

Luclgenln 

Luclgenin 


Base 
2M  NaOH 

4M  NaOH 


Oxidant 

10^  Hj02 
In  etaanol 

10^  HaOa 

in  ethanol 


Lumlnol  O.O5  to  O.IM  O2 

K+tBuO", 

DMSO  solution 


^r> 


GEL  ADSORBENT 


Observation 

blue -green 
chemiluminescence 

decayed  to  one  half 
peak  intensity  in 
210  seconds 

no  chemiluminescence 
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Relative  Emission  Intensity,  ohotona/sec -cm 


V .  IN  3TR  UMEN  TAT  I  ON 


A.  INTRODUCTION 

The  determination  of  the  absolute  f luorescer''e  spectra,  quan¬ 
tum  yields,  and  brightness  of  chemiluminescent  reactions  requires 
calibration  of  the  spectral  sensitivity  of  the  spectrometer.  We 
have  performed  a  relative  calibration  of  the  spectral  sensitivity 
of  our  spectrometer  in  the  near  ultraviolet  and  visible  spectrum 
by  comparison  to  fluorescence  standards. 

B.  EXPERIMENTAL 

The  fluorescence  standards  were  selected  from  the  literature 
(ref.  l4,  15)  to  cover  the  spectral  range  between  ^20  nm  and  66O  nm. 
A  low-pressure  mercury  lamp  was  used  as  the  excitation  source, 
oriented  at  a  90“  angle  relative  to  the  spectrometer. 

The  conditions  under  which  the  fluorescence  standards  were 
used  is  given  below: 

^1)  5*0  X  10"'*M  Naphthalene  in  ethanol;  M.C.B.,  recrystaliized 

from  ethanol,  mp  79''80°G}  spectral  range  324  to  370  nm  (ref. 
14);  254  nm  excitation. 

(2}  4.3  X  10"®M  Anthracene  in  ethanol;  Eastman  Kodak  blue-violet 

fluorescent  grade,  used  without  further  purification,  spec¬ 
tral  range  370  to  400  nm  (ref.  14);  254  nm  excitation. 

(3)  IxlO^'M  Quinine  Sulfate  in  IN  sulfuric  acid;  M.C.B..  mp  229 ”C; 
(The  sulfate  was  used  without  further  purification . J  spectral 
range  400  to  500  nm  Iref.  15 h  3130  and  3330  A  excitation*. 

(4)  lx  10”‘^M  N,N-Dlmethyl-m-nltroanlllne  in  30^  by  volume  fluo¬ 
rescent  grade  benzene  and  70^  by  volume  of  M.C.B.  spectro- 
grade  heptane**,  spectral  range  5OO  to  66O  r.m  (ref.  15 ); 

3130  nm  and  3330  nm  excitation. 

The  emission  spectrometer  is  a  Mod  1700  Spex  Czerny-Turner 
scanning  spectrometer,  equipped  with  a  1200-groove/mm  grating 


*  The  literature  mp  is  235* 2“C.  The  lower  melting  point  is  at¬ 
tributed  to  the  presence  of  water  of  recrystalllzatlon,  c.f.  mp 
of  quinine  sulfate  *21120  is  205'’C. 

**  M.C.B.  spectrograde  hexane  contained  some  trace  amount  of 
fluorescent  material  and  was  not  used.  Lippert  reports  the 
spectrum  in  this  solvent  but  the  spectrum  will  be  similar  in 
heptane . 
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blazed  at  A,  and  an  E.M.I.  9553Q  photomultiplier.  The  emit¬ 

ters  are  chosen  so  that  the  wavelength  of  each  spectrum  Is  over¬ 
lapped  by  the  adjacent  spectra,  permitting  a  continuous  relative 
spectral  sensitivity  cal Ibre.tion .  The  sensitivity  of  the  instru¬ 
ment  is  obtained  by  taking  the  ratio  of  the  observed  photocurrent, 
measured  in  microamperes,  at  a  given  wavelength  and  bandwidth,  to 
the  true  relative  spectral  distribution  of  the  emitter  in  units  o‘'' 
photcns/unit  frequency  interval.  To  obtal!i  the  relative  sensitl- 
tlvlty,  the  ratio  at  376  nm  was  defined  as  iu)Hy.  The  sensitivi¬ 
ties  at  the  wavelengths  where  the  anthracene  intensity  crosses 
naphthalene  and  quinine  sulfate  were  calculated,  and  the  relative 
sensitivity  'Continued  as  a  smooth  function  through  the  wavelengths 
of  these  emitters. 

The  relative  sensitivity  function  obtained  is  shown  In  Fig¬ 
ure  9*  The  curve  is  characterized  by  two  maxima,  at  376  nm  and 
at  441  nm.  The  spectral  range  covered  by  each  compound  is  desig¬ 
nated  in  the  legend. 

The  wavelength  of  the  exciting  source  was  chosen  as  to  be 
near  the  maximum  of  the  absorption  band.  This  selection  snould 
reduce  the  effect  of  traces  of  fluorescent  impurities.  The  con¬ 
centrations  were  chosen  to  minimize  the  effects  of  self  absorp¬ 
tion.  The  gross  features  of  the  sensitivity  function  resembles 
the  reported  quantum  efficiency  curve  of  the  photomultiplier  in 
the  blue  and  that  reported  by  Parker  for  a  similar  system  (ref. 

l6  j . 
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Ive  Sensitivity  of  Spectromete 


VI.  FUTURE  WORK 


Synthesis  of  a  number  of  probable  intermediates  in  the  oxida¬ 
tion  of  5 -methyl  and  2,3-dimetnylirjdoles  will  be  carried  out,  and 
the  proper  ‘ les  of  these  compounds  Investigated.  The  hydroperoxides 
and  other  reactive  intermediates  will  be  examined  as  posslblt-  can¬ 
didates  for  chemllurrd 
efficiency . 


descent  reactants  of  high  bx'lghttiess  and 


Synthesis  of  3~methylindole-5~carboxylio  acid,  and  possibly 
other  5^6~subst3 tuted  indoles,  will  be  undertaken  in  the  continu¬ 
ing  effort  to  obtain  highly  efficient  chemiluminescence  compounds. 
Research  on  optimum  conditions  for  chemiluminescence  of  the  brjghter 
Indoles  will  be  continued,  with  emphasis  upon  the  effect  of  sensi¬ 
tizers,  solvents,  oxidants,  and  base  strength. 

The  absolute  calibration  of  the  spectrometer  will  be  carrrled 
out  using  Seliger's  recent  data  for  lumlnol  as  a  secondary  standard 
(ref.  4).  The  photometers  will  be  provided  with  integrating  cir¬ 
cuits  to  permit  total  emission  comparisons  in  an  attempt  to  improve 
reproducibility  of  the  efficiency  measurements. 

A  cell  for  convenient  measurement  of  chemiluminescence  param¬ 
eters  in  heterogeneous  reaction  has  been  designed.  The  catalyst 
is  incorporated  in  a  porous  Teflon  membrane,  permitting  relatively 
free  access  of  oxygen  to  the  catalyst-reactant  solution  interface. 
The  emission  can  be  observed  through  a  window  parallel  to  the  mem¬ 
brane  surface . 
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APPENDIX  I 


chemilukaNescence  op  miscsllwieous  compounds 


Time  to 

Peak  0»  Cur^nt  Og  Peak  Ti/g  of  Og 
Compound  and  Structure  Ratio  I/Io  sec  Peak  sec 


Benzcfuran 


a)  Heterocyclic  Analogues  of  Ind^ne 
6  X  10’*  15  55 


Benzimidazole  7.6  x  lO”*  30  120 

ocV 

I 

2-M«thylbenzlmldazole  1.3  x  lO’*  l8  72 


Benzoxazole 


2-Methylbenzoxazole 


Benzothlazole 


2-Methyl-Benzothlazole 


6  X  lO"^  22  72 


5  X  10"* 


30 


(2.6±0.6)10’’  15  '*5  ±  15 


2  X  10'^  12  12 


43 


Figure  of 
Merit 


2.1 


9  X  10’® 


9.'+  X  10’* 


0.43 


0.2 


0.11 


2^  X  10 
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APPKjDIX  I  (Contl-\ued) 


Time  to 

Peak  Oa  Current  Ot  Peak  Ti/a  of  Oa 


Compovind  and  Structure 

Ratio  I/Io 

sec 

Peak  aec 

b)  Pyrrole 

Derivatives 

2,5-Dimcth.ylpyrrolc 

1.2  X  10** 

6 

52 

N-i^e  thy  1  py  rro  1  e 


8  X  10‘®  15  20 


1,2,5-Trlmethylpyrrole  *  10  ^5 


HaC 


2, U-Dlme thy 1- 3-ethyl 
Pyrrole 


3.2  X  :0*“  60  90 


H3C 


___,CHsCK3 


5“ Phenyl-2 -pyrrole 
Propionic  aeld 


CHaCHaCOOH 


1.6  X  10‘*  8  9 


c)  Fluoi-ene  and  Fluorenor.e  Derivatlvefl 


2-Dlmethylamlno 
f luorene 


(2.2±0.7)10 


32 


5  +  1 


H  T. 


N(CH3)a 


2-Amlno  fluorene 

h'  h 


1.9  X  10"* 


26 


11 


44 


Flgi're  of 
Merit 


0.62 


0.16 


4.5  X  10" 


0.29 


0.  l4 


0.11 


0.21 
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APPENDIX  I  (Continued) 


Compound  and  Structure 


Time  to 

Peak  Oa  Current  Oe  Peak 
Ratio  I/Io  aec 


Ti/a  of  Oa 
r  '\k  sec 


*<-Methoxyf  luorene 


fe.5  +  0.5)  lO"®  17  66  +  5** 


2-Methylf luorere 


8. A  X  10'®  50  10 


3- Methoxyfluorene  O.A  +  0.15  26  +  10  10  ±  T 


1- Flucrene-carboxyllc  Arid  6  x  10**  30 


H 


¥ 

”  COOH 


9-Fluorenone-l-t'artooxyllc  5.**  x  10  *  6  152 

Acid 


4-Amlno-9-Fluorenone  1  1  x  10  ’  12  24 


NHa 


0 


4-Methoxy-9-f luorenone  2.2  x  10 

OCH3 


45 


Figure  of 
Merit _ 


1.8 


0.84 


4.2  t-  5.6 


l.S 


4.5 


26  X  10'® 


*.<.119 
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APPEKDIX  I  (Continued) 


P«ak  0|  Current 

Compound  and  Structure  Ratio  I/Io 


Time  to 
Og  Peak 

ate 


Ti/e  of  0*  Figure  of 

Peak  aec  Perl  t 


2-Dlmethylamlno-9-f luor-  2.2  x  10"“  17 

enone 


24  0.53 


d)  Acylolna  and  1.2-dlketoneB 

8-Pyrldoln  (2.3  +  0.3)10**  31  +  17  3  +  1  (6.4  +  1.2)10' 


6,6'"Dlfflethyl-2,2''flyrldoln  3*5  x  10**  40  2  7  x  10  * 

CHs  CHs 

Barium  Benroln-3f3'-  •<0.6  x  10  *  <5  ■•lO  x  10  ’ 

Dlaulfonatc 


2,2'-Pyridyl 


1.4  X  10**  12 


}  4.2  X  10"* 


6,6'-Dlmethyl-2,2'-pyrldyl  1.2  x  lO"*  6  3 


3.6  X  lO'^* 


AfFSHDlX  I  (Continued) 


Time  to 

Peak  0»  Current  0*  Peak  Ti/t  of  0» 
Compound  an<3  Strueture  Hatlo  I/In  _ eec  Peak  aec 

e)  Compounda  Containing  an  Oleflnlc  Linkage 

Sorbic  Acid  1,0  x  lo"’  10  ?0 

CKaCtt-CH-CH-CH-COOH 

Tetraeyanoethy lene  li  .8  x  10**  5  10 

CN  CN 
!  ^ 

C  «C 
I  I 
CN  CN 


Allyl  benzene  1 .7  x  10**  wlO  %10 

H«C-CH-CHa  o 


Tetracyano<iulno- 
dlmetliane  (TCNQ) 


NC, 


ON 


CH 


2  X  lO'* 


<5 


r)  >*l  it  "ellancuuo 

N-chlorofluccInlmlde  1  x  lu**  25  120 

H»C»CH»^ 

I  ^N-Cl 

HaC-CH»'^ 

Cumene  Hydroperoxide  5,**  x  ic’"'  10  10 

CH3-C-CH5 

ioH 

Acenaphthene  1.'*  x  lO"’*  l"^  60 


5,A'nlnof luoranthene  9.2  x  10  *  190 


47 


Figure  of 
_ Me  rt  t 

59  X  1C‘-' 

1*8  X  10'* 

5.1  X  lo'* 


.120 

51*  X  lo'* 


0.77 
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APPENDIX  II 


ORGANIC  SYNTHESIS 


1 ,  2 .^-Dlmethvllndole -5-carboxyllc  Acid 

This  Indole  was  prepared  in  30^  overall  yield  (three  steps) 
according  to  the  procedure  of  Verkade  and  Lieste  (ref.  1?). 

a  .  2-  (p-Carbethoxyphenyl  )amino-3-'Putanone  (l ) 

Alkylation  of  ethyl  p-aminobensoate  with  3-bromo-2-butanone 
in  aqueous  alcohol  with  sodium  bicarbonate  as  an  acid  scavenger 
provided  I  as  a  tan  solid  [k6^)  after  charcoaling  and  recrystal¬ 
lization  from  diethyl  ether-petroleum  ether  (bp  30-60°c)*,  mp  72.5- 
73.5“C. 


b.  Ethyl  2 ,3-Dlme thyllndole -5-carboxvlate  (ll) 

Reaction  of  I  with  the  hydrochloride  salt  of  ethyl  p-amlno- 
benzoate  (prepared  by  treatment  of  the  amino  ester  with  anhydrous 
hydrogen  chloride  in  absolute  ethanol-diethyl  etherj  mp  206-208®c) 
yielded  II  as  a  light  tan  solid  (70^)  with  mp  109-111 “C.  Recrys- 
talllzation  from  diethyl  ether-petroleum  ether  (bp  30-60“c)  raised 
the  mp  to  114 -115. 5 '’C.  No  impurities  were  detected  by  VPC  and  NT© 
analysis . 

c .  2 .3-Dime thyl-5-carboxylic  Acid 

Saponification  of  II  with  alcoholic  potassium  hydroxide,  fol¬ 
lowed  by  acidification,  provided  the  acid  as  a  tan  solid  Iri  935^ 
yield  with  mp  237-239'’C.  Charcoaling  and  recrystalllzatlon  did 
not  substantially  chsnge  the  mp  (mp  238-239*5*0). 

2.  3-Ethvlindole 

This  compound  was  prepared  in  66^  yield  by  the  lithium  alumi¬ 
num  hydride  reduction  of  3-ace tyllndole  according  to  the  procedure 
of  Leete  and  Marlon  (ref.  I8).  The  crude  product  was  purified  by 
distillation  (bp  83"84 ®c/l3-l4  mm);  the  distillate  solidified  in 
the  receiver  to  an  off-white  solid  (mp  33-34 ‘'C;  reported  (ref- 
19)  42®C,  (ref.  19 )  33-35*0 ).  The  infrared  spectrum  was  consistent 
with  the  structure. 

3 .  0-Ace tamid pace tophe none 

o-Ace tamldoace tophenone ,  mp  72-74 ®C  (lit.  mp  74-75*0)  was 
prepared  in  8C^  yield  by  the  method  of  Leonard  and  Boyd  (ref.  20). 
The  formylation  of  o-amlnoacetophenone  is  being  attempted  by  means 
of  a  mixed  anhydride  acylation  reaction  (ref.  21 ). 
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Please  make  corrections  as  noted  below: 

Page  1,  para.  4,  1.  6:  delete  "peak" 

Page  5,  line  3>  colum.n  4:  Ti/s  is  (6.4  db  1.4  )l0^ 

Page  9,  line  1;  formula  for  5-hydroxy tryptophan  should  be 


Page  19^  line  1,  column  5^  tis  is  325>  not  235- 

Page  20,  footnote:  change  0.1^  to  0,3% 

Page  ?6:  curve  "d"  should  he  labeled  "e"; 

curve  "e "  should  be  labeled  "d". 

Page  31 :  lines  8,  9^  10,  column  4:  equations  should  read: 

I  =  lo  -  kt 

not  I  =  -lokt. 


